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(54) FRICTION STATE ARITHMETIC UNIT AND BRAKING FORCE CONTROL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To compute a friction state without 
minutely exciting braking force at all times. 

SOLUTION: This device is composed of a wheel speed detection portion 
20 detecting a wheel speed, a step response detection portion 21 
detecting a wheel speed step response component when braking force 
changes in steps and detecting the time-varying characteristic of the 
component, road surface ^gradient operation division 22 computing a 
road surface \i gradient based on a detected time-varying characteristic 
as compensating the characteristic vehicle speed dependency by the 
wheel speed, a target braking force operation portion 23 computing 
target braking force corresponding to the road surface jigradient, and a 
wheel cylinder hydraulic control portion 24 controlling a wheel cylinder 
pressure in steps so as to follow the target braking force. Since the 
time-varying characteristic of the wheel speed step response 
component and the road surface \i gradient correlate with each other, a 
friction state can be computed without minutely exciting the braking 
force at all times. 
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fcp i D»j»st Lxm^-r^^t ir-^ £ ^u. ^ 

i?®Z>Hoomm j $>2 a*S»Jf»4f *fir-9 MM«I 
[0 0 8 2] itz. Ml 5<7)mf&MX-&, Sl^^Sc 

-SS**fc*C)OBI!IT*&«|»*}i^P r *W#i-*J: 

-5*iB««i»»»jr«2 3*m&-fz>zt 4 pragma 

ho 

[0 0 8 3] >Xiz^ *>r-^vU >ry4ffi»J«l«2 4 
m^J L K J: •) -6 ^ U - 

f££H2 o ^fflv^riS.^i-^ 0 

[0 0 8 4] H2 0 IzHz-T* n y W"^rSB4 5 li, 
»]fl|Aj!/y5 2, ^^y'J>/48, *-f-;wv»; > 
^5 6, ynf-y*- 5 8S^^;Wf ^^6 0 iiit 

[0 0 8 5] :^)^^-^^M6li, /l/-^r 
^50V4 6^Hf*^£EtTiilE"r-6v^^ y'J 8 

v*£ 0 Sfc, ftW/<;l^5 2 li, «lE^^-/5 4 Sr^L 
TfiEEifit LtO'Jf-^- 5 8^8fiSn-Cv^ fl 5 
<bK, fMffli/Ovy 5 2 ic*±. a©J»/<;i^K<fcoTflfc*& 

5 2(i. K7>f^coBf*tzJ:-6yi^-^ffPd*tt*&i- 
^^-^v'J >y»EEftU«lfi82 4 *^A*S 

/<;v^5 4c0g3^4-$UfflIi-^ o 
[0 0 8 6] iis. ^(7)$iJ^3/<;uy 5 2**lfff/<;vr5 
0O^*B3< J: -5 t:»Ji^^ fc, ^^-;u>"J>^5 

^^^";i^4 6 t UJ:o-Ct#^tL^EE*^it 

^tl#t^o ifiUjjcEE/^;wr5 4 (D&Zm < X n \zU\ 

JjWV 7 * m i: ^> J: d ^ »J» 3 *l& , ^^f-^y'J 

[008 7] >3T5 6tz£*)-7U-*7 , '( 

A? lzmJLbtl2>fflW}Jj&, -77^y'J>^4 8^)ftrft 

7X^y>J^Et:ttfft^ 0 lot, *>f-^y'J> 
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[oo8 8] >k\~. i n^mni&m^m^mm-t 

* „ mi 2<0*'f-*y'J> ^ifiJEfljiilgB 2 4 7S-\ ©Jffi) 
Afl'T'S O^^-Y-^v'J >^IE£;*.x -y 7fi<J^'ft£ 
*&£fcOifEEJg^l£vM;mEE^£^L*:t #, *x 

v ^ftiKmim&X'mmm^Ru 1 * * - * -> y > ^jeo 

* x y T'Wft^'ffcS AP^f yifrg^iBgE 2 1 

jtf -So 10 

[0 0 8 9] J* x y ^g^tbSB 2 I^^^O 

a» i* jS *» e> Bf 5te# mmm l £ &# * «• ana & t l 

[0 0 9 0] iif. * x y ^lD«p«iaJSB 2 1 rt*. Ell 

t£**fcm$ft&„ Sfc, HI 7W»2^»lStV>lig| 1 8 

[0 0 9 1 ] 8&ffijn^EiSrg8B2 2tNi, 

<$*SB2 7tf-r-7)l<2 8«r#SSLT, if jf£ ft/tB^ 

[0 0 9 2] Xxy ^W»cW»**:iUlniLfc» 

* 'J -y 7B#C>fltSESg«J: •):*:#< ft Zti so 

it), * x y :/I&»tftHJ« 2 1**, & 1 3R«t?«* S ft 

I^iTi:, < ft&Ht£^, 

s^o^ft e>-T¥jS^^i-*x-^;v 2 8<07-9Z 

[0 0 9 3] f U, §«©JHl^}t*S|52 3 t4 j , 

L, *^-^v'J >^l±©Jfflia52 4^fSiti-*o -tftfc 

WttlEJca < W«i#K:&|&#*ftlf B«|PP*M«I 
t&££i£73-L, tT-^/iltlWOttSI-CHIift^UjftW^Sr 

[0 0 9 4] * -f - A> v V > ^toffftUfflgB 2 4 T-li, ^ 
~4i4H-£ 0 CftH <fc oT» U5 H^-f J: "7 so 
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JVv 'J V yff I±^fSU 1 1 "C* x y ■ftfjKi&m L, BAR 2 

ffllgB2 4 T-<i, -7** v'J tlfffi^FP^tm: •) , 

* ^-*->'J> *HE<D* x y -y*#Jft ^ftii: A P £ Steffi 
y^-f-^o f LT, liE/<;uy5 2 tHCW-^'J 

[0 0 9 5] a^jSOMftil^Bai^WftiJJ: 

PSft* i t 5 2 «>Mt*. ztuzxo 

x y L , B ^¥i^©Jft* £ j^x ft v> i 

•e, v^'JiWMi: A P RtTRUW^^x x y 

^aigB2 i^m^?a, ^ws£'ft«Ftt* f »irs*».*o » 

tt, -co^H^b#14li, ^.x-y/^^lilEB# (AP> 
0) i:MEEB$ (AP<0) tt-Ii:oTV'iff)T% SSM 

[0 0 9 6] ft*, Sl$J&0>M»a*B*¥*&WMia^ 

- ju-> >; > /eo i i<oy;T /Wf fto*^ f>f , a 
2 HZTF-fXiiZ, U&HOXx-y •/C^ltT^'fk^-ti- 

[0 0 9 7] ;oi 9 ic^i nmmnj&mn* *«tcft 
m-ft*7'TV-7mzmtZ*£r£tfh, Z<dxt-7-7M% 

muz*. r)%!ii-tzm%i&&x7-v ■?fc&mfr<D\%ffl$c 

4diJS:<i»ib*»!ar jfeff * « *> ft * s <b , 
twA*fftT >xn -y tryis-Z-ttmift 3 ) - t^T-t 

(» 2 *>njfc0>j&») » i om&omm t mmnmwM 
nmoMmit* **&wix. (ev) u*»»t4Ev«ng» 

y^WJffll^B^I&ffli-SC: t^ti*. i<7)J: -j ft E V §ij 
T li [W| - tf>flF # £ # L T mm ft M n * * B&-T -5 o 

[0098] mi 3 \,z7F-tx n fH2<omm<oMmiz 
LiottB? titzmmmstx x -y ■/i&*tf:«'OWfiBi*ft 

#^?Sg-r*Kffi /a 43E?*»a5 2 2bt, 
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y-frJffi)S62 5 ZSA,X-mi8.2tiZ>o 
[0 0 9 9] Z\tVn fr?®m$t> 2 514. %\<F> 

[0100] i fc, S&ffi/i fciesggs 2 2 b 14, El 1 4 

f t#i4 * mm £j ee « <o r- 9 c «m £ *t 
w * ^fk t eib h * 9 (o 7s 7- •> % mt t i ggu l 

[0 10 1] ifc, §^§!J|gi6*r*#a2 3bli, i 
[0 10 2] i(OJ;-)i:g2 0lS^Sti± 1 Kv^ 

aLfc§*«ng«i*«5iifieiw«i* f Rri6 4:4*o i«t 

«k j:#uf, wett**#i*«^ia«i-4 - 1 £ < , m 
m ■ mm ■ ^«*ojetTttS8Ki5v»T, 

3 <7)^jfe<7)®ffi) si2 2^14, m3<omm<ofm^ « 
&mmt}m®mw.<r>m$Ltf7FZixx^h 0 z<o 

tcSo* < t w-c* tj , nfefrSsfeftSfltl Ad d >« : v s 

C (\fehicle Stability Cbntrol ) ^fi£ L < 14 T > 

o-^r^aa (abs) sttLTisLttw 
[0103] i22 tc^-r i ^ m3<nmM^m^ 
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/<*xjE«*m»6 2i, wtm$titz$Lmmms*)i<xt£;. 

ttffi,««gEa *fc*8tJti-<&IMB,i43E**S56 3 t, 

$>4 5"f 5 >^<^W4*^-*y , J V^EW^ft 

*t^-^ai^-r-i»i:*^. at»$*Lfc#B swift* uitJE 

[0 10 4] 4rU, *»Uftffli"* 

* <f - * v > ^ilESlJWgB 6 7 r-ii , g ^©Ji&* Sr H 
3l^4£*W^m*i^£m;>3-f 4fc#i:u &4*^5 

>^t% ii i (c) ktfl^is i ^<*^aoi'«* 
t; k j: () l tzmmnwm w uastt* t & -a * 2 ?> 

[0105] ^Lt> /^u^ic^^aagpe 2t-i±, *-f 

g1tmgB6 2 14, raJWfl|-S-cafecfv»r/<^^jE<tOBBtt 

[0106] z<D/*A>xfc&tfimp6 2<nmf&M*m2 

b*m^XWLW-fZ>o El 2 5lz^-tJ:9U, /^l/^It-^r 

7 :/«$<7>#*ffl«» f 1 «t Att^jattftA»«ie»ri- 

affii*Jg»f7-f 7 3 t, S7 ;u ^ tB* *m ; 5e-9- > 

^{b-f-Sffi*tfeffig5 7 4 IkliiZtlfzWrtJHVfeizg.n 
i&PIai ift*!)«0S/J\*WlgipIa2 t $:^{B-r*ffiipI^ 
ffiSB 7 5 i , fi|B a i &U%«B a 2 <D'ptt < 1 1> 

[0107] >!<7)lS*I^ffi*»SB 7 7 (4, Sflttttfc L 
T, ffiiJIai Z'Ol<7,%titw[&PX-jE&itL?zai /A 
P> ®.0 f »Ia2 lC*t-T4MiliMai <Dit (ai /a 2 ) 

[0108] t j^ffi/i^seinesBe 3 «4, ^1 on 

JfcOJBSRUf&aHl 4<7)KE^^E?»»gB2 2 i: |^«co 
*JST|tS-CS4*«, II 2 4 tz^-TJ: t iz, ^3coHJg 
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[0 10 9] 1"ft:b*>. El 2 4<Of-7'Jl'6 9Uli. H 

t££*§{f-f 4*:i6, #*a45U, (ai /iP 

-fcitfaa /ai ) t-*ti-*ttffi/i43EOH[aHt*»IE« 

?flTV>4 0 

[0 1 10] »3W**©JBS80f^ffl«rtt«fli- 

4„ 12 2©*'f-^i"J > yfflBEflJSPSB 6 7 t5 s , HI 

1 (c) W^l v<;u^S^2>'^V^^H*-r-;Vv'J io 

1 us i /<^^«^jft*^i-|si«i«-9-ftw*>r - 

^->'J ^JE^V^^-fbiA P «vOU*r£:g1&ffigB6 

7"t5^4. L ft rt^o +H Qfii 4 Slim L £ftltt 

A«tS©t, Ztl£t)/bZ<%& 0 fit, wCO 

<dwmu. tt*>mzixxmmziim-tz>o 20 

[0 111] /<>u^l5«rtftffi«6 2-CI1, I^IffOA 
j&» Bf 5£B*IBJ Mffi L B# * * 4* til &S$6f# *. t L 

St#1-4 0 

[0112] iit, '<)VAepmKnz>&mi)m.mzx 

$»&Lfc¥*HS*«aH, »J*a0J*»K*tlSL*:« 

m^tirTp-To iBfc*, /<;u^)Et.^mSI5 6 2 Kio 
■C«ttlS*l.3t*«1*tt (a, /AP) l±, + HJ (v<** 

epsn^fa) 'j v Lft/^o enio l 30 

(ai /AP) (±. ***»iJ0 2flfl-JtI&i-4tt 
£ < ft o r sftWWBb* SKttff -fitt** 

-To 

[0 1 13] -€-£-C, S&M/<£jBE?SiggB6 3 l±, 1tffi ? 

[0 1 14] ft£, WJifiOiSi^ti. Sfc^K^'J v 7LX 
^ZViMfrb^mWimzx') vfVimiz&ftL, ttz^t 

[0 115] *9>xK„ fpjDLfcW»*«)2«f*-C*** 

*y:t£IU-f^Lftv^^<a^-;*£ft4$S??!i$ so 
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if, <fc D«JS* J |S)±i-4o 
[0 116] fLT> g^*IJi&^aSSB2 3*^ 

If, AB SUfiO*^, 0ia^<OIEffl-C*4 »3Mt<rs 
^i^Si i<7)<I^£ 0 K-gc3lliB&-g:£-ti-4*: 
*o*fflt^£«iri-4 0 itz, t:&^v> 

xsmftmuzmnL, msMttmuz. mn$titz& 
[0117] ttz, vscmw<nm&. w&mjs, 3 

[0 118] fit, jM-A-v-'J > yr*IE$)JffllSB 6 7 
[0 1 19] z\ff)£ iz%3 (DmtifcfOl&mX'li, 

[0 12 0] t^:, ^<;v^W4:lfilJi6^)«7)enSpm: 19, 
>u ^ 3: *» ± Ji* •) U IBM U ©Ji&^J *^»D LTSISfflW n 

\zmmtH)m'PL. u^izm-^mnmmmmti^mu^ 
ti&ox: m-%i<zy<) v7vtmjzis.mmt2>z\trfX'£ 

s-Ms?-*4^2^^vx(7)siji&^j4-enj!)Di- sw. mw. 

* 9 <b IcWx. 4 i i: ifiX # 4 „ 

[0121] z<7) x 0 iz^m<r>mmx'H. swjibimj* 

4^flt-C% *M*tf^^iftl^#*-^x.4i t ft LUIS 

Mf<mizzt>#>x&mmzm7£.x-£. j:^m»ft*M 

^SftftiJW * fi 1 n - «t **-C § 4 0 
[0 12 2] S fc, ^JfeOJgffi*, H2 3 IC^-fJ: 9 

U Sit 9 -£ 4 i i: *« mm ft y < ^ ^. MRU tJ^igB 6 4 tc 
B§^x4 0 

[0 12 3] EI 2 3 (OKI//*lE«»gI(:iittf, $IJ 

t ^r- is 4 <r>x, um ■ mm ■ 5e#jtiT& co^ff 
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[0124] &.±.i) t *mm<r>&-£m<oMmt:*)Z>i)K * 

«9Jli, ±l209Uco*|ig;££*i.**>cO-C-li&<, 
coMi , ££ffi£L£v>ffiBrtUj3V>Ttt:t#®U^SnTi!6 

[0 12 5] fllxif, JiE*J(6«)Jg*T«i, igg-t*^ 
* * r* * *i If ill*: pT T- * -5 „ 

[0 12 6] HtlOgffiOJ&Si^ft&ABS&B 

tvscnit Ltsis-rscJ: ii«rii6-c*4o 

[0 12 7] 

v>r*»i:ttiBtWlBlOft*«a8S"ai[tfi-*J:-9ULfc 20 

[0 12 8] ifc, lf*S3S.O f iS*S4^5l^lcJ;tL 

arg-i-a j: ? k Ltot, w«i&#**i$*/hai6-*-4 

i 1 4 < . $u» • mm ■ 5e#jfeiT& coTgrntsu- 

iJV'T, *ft^:ft**ttlBi**»«UWJltt-4;: t^T* 30 
#4, i^Tj5&***t#t,tL&o 

[0 12 9] W*a4 (DftWlz ituf, *T-y-f 

* weg t & a <7> r% MRib a £ flnis-r 4 fc » ©Sr 

[0130] ztz. s^ssrisie ossubuj:*. 
tf, /<>u^tt«>iW««i**flij!ni-i-*ii:Ki^r, %|g 

©*»S*W*U«S-C#, «v*at*»«a*»<b*L4, 

[0 13 1] 5f)C, J»*«5RW f II|:fc3l6«>»9JK:.J: 
*Uf; etlSp-T*©J|gli)*CD^'ft*^'^^t>ci: LtzZtiZ 

**/MH«U»x 4 - t *»-C S 4 . t v» d 3cft** J # <b it 
4 0 CUtC .!:•>> W«»***l*«/Ma«+4Ci:«: so 
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4„ 

[HI] $fMi^/Tt/O7?lt4l l0 
[12] WWlcffitt^kOsftftJ**^* 

^-tB"C$>4 0 

[13] *»WK«4***«#*::iiit4 5'-f*-j»ffi 

[14] #£9iu#4«i&*^cD«£:i-cab4o 
[15] mtoJji At -y^MKmMS-it&t 

co»i£ft£^-f S-C&4,, 
[16] *IHM*^?:/&1^#©B#HS<M*tti:, 

9 -i -v - mm m <r> mwMm t <r> m & *• & w -r h tz a <d 

V>T, Wm&Ml 0rad/s 7" P - *$IJt& L£ t # <D 

^^■V-ttffilWW*»ttlBi:«3Hiltt*RM-r4fc*«3 
WW^oT, = 0. l«)ttiB±»cJJV» 

f» ^*^2 0rad/s ^ 7" U- ^$IJ16 Lfc t # CD* 

[B8] w&aje^7 t 2'7'i&sfl6fl-«)i*nsEft»ttt, 

^ -< -V - g&ffi W<0^»t»cffi t CO KiS ft * ^ "t £ * o 
IHfc»*t?*or, = 0. 2 5 0»B±tciJ 

V^T, «0^*ii2 Orad/s ^ <b "7" U — ^cfflW} X^tzh # CO 

[H 9 ] JM&iSJgx x :/lSS*5fr©P#M3Mfc*HSi: , 

^ >r ^-gs®wcos»t»cffi t <onaetsiw+4 

HS6i|**-C*oT, $^#^^ = 0. 3C0KS±IZ^V> 
T, %)fflMM2 Orad/s ^ C> 7"U- +©Ji6 Lf-: i: # CO* 

[B10] ^^cO^fiSS-^-fT'n y ?If*4o 

[11 1] ^</u^wua£ifci-4iWK»****nepjniL 

Itiot, (a) (i 1 /^U^A^J^F-e^^'J v 7"^ 

as, (b) iii^<^^A*«F-centD*FRj (+) «icjsv» 

tx';-7-7°^ x (c) i± 1 tm&fflffy/t^x t 
[112] ^^co^icomfew^ffi^^-sry^n^ 

[113] *5kw<n>m2<nmmv>w>mizmi>E vmmm 

[114] ^%^co^lcoHSSOff^^«4Kffi / /^K 

[Bl 5] *|g^co»lco||Jfeco^H^41SSiJl&* 
}*#g|5<0«)S;^^i-7'n •> ^Bf*4 0 

[116] *%w<omi<nnnv>Wfmi~%z>x7-vyfo 
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[ni s] *&m<nm\<»%m<DWMi~&z>*T- y-7fc 
[0i9] -y 7fc-Q&ft<nmmmM, m 

[H2 0J *#&(J3olg i <r>$m.<r>nmK&z>T >f-o ? 

[12 i] umK<r>®u&'&M\mk-&^x , xf;^ 
[a 2 2 ] *&w<r>m 3 o%it«>JBi££ft& v s c^m. 
[1123] *&w<n%3<7>%m<Djtmr~&hE vmfew 

[12 4] *ftWV>% 3 ff>$kMe>M?§A~& 

[Hi] 



[1212] 
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[@2 5] #f£??C>f&3C9^W®lgU-^*/^*l£.g 

2 o *«K££ttffiw 

21 z.7--y yjssp^msB 

22 K®//^jee?s»gB 

2 3 lflfflllbft»)MB 

2 3b g«MRIbAatJIS 

2 4 * <i - )V v 'J > i^fa ffiSUSPSB 

2 5 S^hJU^ftJWgB 

6 2 ^^iL-g&mgB 

6 3 Kffi/«filBerf»gB 

6 4 '<*.x«ieiW!j5&&» 

6 5 swMmtumm 

6 7 * -< - >\< v 'J > fflJSPSB 



[H3] 



SI 



[i4] 



14 




15 
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[05] 



[16] 



x 




-V u 



*4-*->'J»'EE 



(OTM»-10rad/s 



) tt«h/W? :0— 275N • m 
i <ttffip : 0—0.25) 




0.1 a 15 



[i7] 



[US] 



/€«W3-20rad/8\ eflHwi,* : 0-11ON - m 




*8»K-fl^ : 0—275 N - m 
(jfclSji : 0-0.25) 



«■ 




0.4 kg-ro2 
25000 N m/htd 
0.1 kg-m 
400 kg 

0.28 m 

330 N-m (* n v 7^ 0.2) 



[19] 



f ««*a-20rad/s \ 0U hfl ,^ : 0 -330N . m 
/ <ttffi><: 0—0.3) 




[H 1 0] 




0,4 kg m2 
^ -f -\r&#W<* 25000 N-m/nd 
9 4*Y Uy K*tt 0.1 kg-m 
tt£f£ 400 kg 

038 m 

**J*&hfr? 330 N m (X »J 7 ^ 0.2) 
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